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ABSTRACT 

Estimates of Pacific salmon Oncorhynchus escapement for the Nushagak River in Bristol 
Bay, Alaska, were determined by hydroacoustic procedures from June 4 through August 25, 
1993. The escapement was sampled with drift gillnets and beach seines to estimate species 
composition, age, sex, and size. Final escapement estimates by species through August 25 
were 715,099 sockeye salmon 0. nerka, 97,812 chinook salmon 0. tshawytscha, 217,230 chum 
salmon 0. keta, and 42,742 coho salmon 0. kisutch. 

KEY WORDS: Pacific salmon, sonar, Nushagak River, Bristol Bay, escapement, estimation, 
fisheries management, Oncorhynchus 
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INTRODUCTION 

The Nushagak River is located in southwestern Alaska (Figure 1) and flows approximately 
390 km from its headwaters into Nushagak Bay in Bristol Bay, Alaska. Two main tributaries 
-- Nuyakuk River and Mulchatna River -- converge to form the Nushagak ,River. These 
rivers support large populations of five species of Pacific salmon Oncorhynchus which are 
harvested in commercial, sport, and subsistence fisheries. Accurate escapement estimates 
into this system are essential to fishery management. 

In 1979, the Alaska Department of Fish and Game (ADF&G) began to examine the 
feasibility of using hydroacoustic (sonar) equipment and procedures to count adult salmon 
in Nushagak River (McBride 1981). During subsequent years, the Nushagak River sonar 
project has provided information important to the management of commercial fishing in 
Nushagak District. 

Estimating numbers of salmon migrating into Nushagak River with sonar involves (1) 
estimating the number of hydroacoustic targets passing through sonar beam(s), (2) 
estimating the species composition of those targets by sampling the escapement, and (3) 
combining estimates of hydroacoustic targets and species composition to estimate numbers 
of passing salmon by species. During the initial years of the project, many changes were 
incorporated into the sonar and escapement sampling methods (McBride and Mesiar 1981, 
1982; Minard 1983, 1985; Minard and Frederickson 1983). Few changes have been made 
in sonar operations since 1985, but changes have been made in the escapement sampling 
methods through the years (Morstad and Minard 1986, 1988; Bue 1988a, 1988b; Woolington 
and Bue 1989; Woolington and Miller 1992). Brannian et al. (in press) evaluated 
escapement sampling and the associated species apportionment methods used on Nushagak 
River during 1991 and compared them with methods used on the Lower Yukon River. 
Based on their project review, new methods of estimating Nushagak River salmon passage 
by species were incorporated in 1992 (Miller et al. in press). 

Project objectives in 1993 were to estimate from early June through late August the 
spawning escapements for chinook, sockeye, chum, and coho salmon and to estimate the 
age, sex, and size composition of these escapements. Pink salmon return in even years only. 

METHODS 

The sonar enumeration site was located on Nushagak River, approximately 60 km upstream 
from the city of Dillingham and 4 km downstream from the village of Portage Creek (Figure 



1). This area was chosen because it is the only place in the lower Nushagak River where 
the entire river is contained within one channel approximately 300 m wide. The current 
site was also chosen because stock identification studies (McBride and Mesiar 1981) 
indicated that the majority (93%) of the fish migrating past Portage Creek were destined 
for the Nushagak, Mulchatna, or Nuyakuk Rivers. Therefore very few fish migrating 
through the sonar would be stray fish from other rivers which might migrate downstream 
at a later date. 

Sonar equipment used on Nushagak River included four Bendix corporation2 side-scanning 
salmon counters. Design characteristics of Bendix counters were described in King and 
Tarbox (1989). Gaudet (1983) provided a detailed description of sonar equipment use and 
procedures for counting salmon. Inshore and offshore counters were installed on the right 
and left (looking downstream) river bank. Inshore counters divided the counting range into 
12 sectors; offshore counters divided the counting range into 16 sectors. All counters 
operated at 515 kHz with a pulse width of 100 ,us. Counting range, pulse repetition rate, 
and sensitivity were adjustable. 

Counting ranges of the equipment and placement and number of transducers were 
determined by the river bottom contour (Figures 2, 3). The river bottom at the right and 
left banks sloped downward toward the middle of the river at an even rate for 15 to 20 m, 
then sloped away at a steeper rate. Because of this bottom configuration, two transducers 
(inshore and offshore) were used on each side of the river. Offshore transducers, located 
where the bottom contour changed, counted outward. Inshore transducers were deployed 
within 10 m of shore in water of sufficient depth for fish passage and counted out to the 
offshore transducer. 

Transducers were mounted on metal tripods and oriented to count the lower portion of the 
water column. Minard (1985) determined that over 88% of the fish occupied the lower two- 
fifths of the water column. With the aid of an oscilloscope, all transducers were aimed with 
the sonar beam tangent to the river bottom, maximizing ensonification of passing fish. 
Offshore transducers were aimed with remote-controlled pan and tilt rotators, whereas 
inshore transducers were aimed by manually adjusting the angle of the transducer mounts 
on the tripods. A weir was constructed from the shore to just beyond the inshore transducer 
on both river banks to prevent fish from passing behind the transducers or within 
approximately 1 m of the transducer face, an area in which the system may not detect fish. 

Mention of a product name does not constitute endorsement. 



Pulse repetition rate was adjusted on each counter to maintain counting precision at k 90% 
using calibration procedures described by Minard and Frederickson (1983). Counters were 
calibrated by comparing counts recorded by a sonar counter to those recorded by a trained 
technician observing an oscilloscope pattern of the signal generated by that counter. Counts 
from the oscilloscope were hand tallied for either a 10-min period or 100 counts, whichever 
came first. At the end of the counting interval, the machine count was divided into the 
oscilloscope count to yield a percent agreement between the two. If the percent agreement 
was less than 90% or greater than 110%, the pulse repetition rate was adjusted until an 
acceptable percent agreement was achieved. Counters were calibrated throughout the day 
between 0600 and 2400 hours. Frequency of calibrations was somewhat dependent upon fish 
passage rates and the variability of fish swimming speeds; there was at least one calibration 
per hour during periods of peak fish passage. 

Sonar count data were summarized by sector, counter location (inshore, offshore, left or 
right bank), hour, and day to evaluate spatial and temporal distributions of sonar counts. 

Escapement Sampling for Species Cornposirion 

Daily sonar counts were apportioned among salmon species based on species proportions 
in samples collected with a 45.7-m (25 fathom) beach seine and 18.3-m (10 fathom) drift 
gillnets with mesh sizes of 20.6 cm (8.125 in), 15.2 cm (6.0 in), and 13.0 cm (5.125 in). All 
gillnets were approximately 6 m deep. Twine size and color varied among mesh sizes 
depending solely on commercial availability. We sampled with beach seines just upstream 
and gillnets just downstream of the transducers so that catches represented the relative 
abundance of fish passing through the sonar beams. Because of the possibility that species 
composition was different between the inshore and offshore counting ranges, separate 
samples were taken: beach seines and gillnets for inshore and gillnets alone for offshore 
strata. Inshore drifts with gillnets were started with one end on the bank, while offshore 
drifts were started with the near shore end of the net approximately the same distance from 
shore as the offshore transducer. 

The 15.2 and 13.0-cm mesh gillnets were fished for the entire season (June 7 - August 22), 
while the 20.6-cm mesh was fished only during the period of major chinook salmon passage 
(June 7 - July 28). Each gillnet mesh was fished for a minimum of two drifts inshore and 
two drifts offshore on each bank during each set of drifts. During the period of peak fish 
passage (June 20 - July 15), drift sessions were conducted three times daily: morning (0700 - 
1100 hours), mid-day (1300 - 1700 hours), and evening (1800 - 2200 hours). Prior to June 
19 and after July 15, drift sessions were conducted twice daily: mid-morning (0800 - 1000 
hours) and early evening (1600 - 1800 hours). Drifts were not conducted at night because 
poor light conditions would make it impossible to maintain a drift within assigned strata. 
The maximum number of drifts conducted for each mesh size along each bank's inshore and 



offshore strata was six per day. 

Data recorded for each gillnet drift included (1) date, (2) drift session number (1 = 
morning, 2 = afternoon, 3 = evening), (3) boat operator, (4) drift number sequentially 
ordered through the season, (5) mesh size, (6) right or left river bank, (7) inshore or 
offshore counting ranges, (8) net length in fathoms, (9) fishing time, (10) number and 
species of catch, (11) length of each fish caught, mid-eye to fork-of-tail to nearest millimeter, 
and (12) sex as determined from external characteristics. The following fishing times were 
determined and recorded using a stopwatch for each drift: 

Time net full out (FO) - Min:Sec 
Time net started in (SI) - Min:Sec 

Gillnet sampling data were entered into an g base) database. 

When the fish passage rate on the right or left bank equaled or exceeded 1,000 fish/h, beach 
seines were used to sample inshore strata, whereas gillnets were used to sample offshore 
strata. For these days of high fish passage, at least three beach seine hauls per bank were 
conducted. The duration of a haul was not recorded because a unit of effort has not been 
defined for beach seining. 

Species Composition Estimation 

Daily estimates of fish by species were based on escapement samples and sonar count data. 
A program written in SAS~ (1988) for use on the Yukon River (Fleischman et al. 1992) was 
modified to analyze Nushagak River data. Daily sonar counts were apportioned to species 
by bank and counting range. Four area strata were defined (1 =left inshore, 2 =left offshore, 
3 =right inshore, 4 =right offshore). Catch per unit effort (CPUE) was used to calculate 
species proportions. Catch per fathom hour was estimated for all species of salmon 
(chinook (I), sockeye (2), coho (3), pink (4), and chum (5) salmon), humpback whitefish 
Coregonus pidschian (6) ,  and a category for "other" (7; includes northern pike Esox lucius, 
rainbow trout Salmo gairdneri, and Arctic char Salvinus alpinus). 

No adjustments for net selectivity among species were made. Brannian et al. (in press) and 
Miller et al. (in press) concluded that in order to adjust for selectivity, selectivity curves must 
be estimated using fish length or girth data obtained from escapement samples on the 
Nushagak River. Selectivities of gillnets used at the Nushagak River sonar site are currently 
under review. Only three years of Nushagak River selectivity data are available at this time, 

Mention of product name does not constitute endorsement. 

4 



and additional years are required to estimate accurate selectivity curves. 

To estimate fishing effort, fishing time (FT) was calculated for each drift: 

The number of fathom hours (FH) was also calculated: 

where f was net length in fathoms (generally 10). 

CPUE for each salmon species (group) was based on a subset of gillnet meshes fished. The 
combination of mesh sizes used to estimate the proportion of each species group was 
specified. CPUE for each species group i on day j in strata k was calculated by summing 
across the number caught (C-J with mesh size (m) and drift (n): 

where ui, equals 1 if species i from mesh m is used to estimate species composition, and 
ui, equss 0 otherwise. - 

CPUE were cumulated across days to create a time ( t )  and area stratified estimate of 
species composition. The duration of a time stratum (report period) varied by range and 
bank and was specified as an input file. The desired sample size for each time-area strata 
was 100 salmon. Based on Thompson's (1987) "worst case" parameter value for a 
multinomial distribution, a sample size of 100 salmon would result in simultaneously 
estimating the proportion for each species within 10% of the true proportion 90% of the 
time. Even if (1) there was a departure from the assumption underlying a multinomial 



distribution or (2) our use of raw catches, instead of CPUE data, decreased the likelihood 
of reaching the desired level of precision and accuracy, we felt that the 100-fish minimum 
sample size struck a balance between making strata too short to provide meaningful 
estimates of species composition and making strata so long that they failed to reflect 
seasonal changes in species composition. If < 100 salmon were captured during a day in an 
area strata, catches from the same gear type from subsequent days were accumulated until 
100 salmon were obtained to define a reporting period. CPUE was used to estimate the 
proportion of species i in report period t and area strata k: 

j e t  

Estimates of the proportion (Sit,) - of species i for report period t and area strata k became 

CPUE,, 
S. = 

ltk 7 

c CPUE, 
i=l 

In order to estimate the variance of the Sit,, we generated replicate species proportion 
estimates (S,,) for each day j within reportperiod t, Sit, then became a weighted mean of 
the S,,, where the weights are the total (all species) CFUE during day j of report period t .  
Variance of the Sit, were calculated after Cochran (1977 p 66) as - 

This variance estimator treats daily catches as clusters of fish (adjusted for unequal effort) 
sampled randomly from all fish passing by the site during report period t. The estimator 
accounts for the unequal size of the clusters by the weighting factor. Ideally, we should have 
treated the fish caught during each set of drifts (two or three sets per day) as clusters, and 
generated replicate species proportions for each set. However the program was not 
modified to use individual drift sets in 1993. 

If beach seining occurred on a particular day and at least 100 salmon were caught, it would 



supersede any gillnet data for that area strata. Otherwise, catch data were pooled across 
several days of beach seining to obtain at least 100 salmon or were just ignored, in which 
case gillnet data were used. Species proportion estimates for the beach seine were based 
on the ratio of the number of species i caught (C,,) to total catch for report period t and - 
area strata k: 

Variance was estimated using equation (6) through substituting C' for CPUE*. 

Salmon Escapement Estimation 

Sonar counts for each area strata (right and left bank, inshore and offshore) were 
apportioned to species on a daily basis. Daily estimates for each salmon species and area 
strata (N*) were based on estimates of species proportions (Sit,) - from escapement sampling 
and daily sonar counts (ni,): 

Nuk = Sifljk where j E t . 

Daily escapement by species was estimated by summing area strata estimates: 

The daily estimate of variance became 

Cumulative numbers of salmon were estimated by summing daily estimates, and the variance 



was a sum of daily variances. This variance is conservative because some periods are a 
single day having a variance of zero. 

Spatial Differences in Speck  Composition 

The installation of two transducers on each bank (right in 1985 and left in 1989) established 
inshore and offshore counting ranges that could be treated separately in the estimation of 
species composition. We assumed that species composition differed by range and bank. 
This year's data were again collected by bank and range with the objective of testing the 
hypothesis that species composition did not differ between counting ranges within each bank. 
Chi-square tests for contingency tables were used to test these hypotheses. Drift gillnet 
catches were stratified through time to account for the differences in migratory timing 
among salmon species. Catch data for each time strata were classified simultaneously by 
species and range (or bank) into a two-way contingency table. Length of the time strata 
varied to incorporate overall sample sizes of 140 to 180 fish in order to guarantee a power 
(1-13) > 0.8 for 2 or 3 df when a: =0.01 and medium effective size (ES) of 0.3 based on 
Tables from Cohen (1988). The Bonferroni inequality (Mendenhall et al. 1986) was applied 
to set a significance criterion at 0.01 to allow for an overall significance level of 0.1 as 
multiple tests (maximum 10) were conducted. 

Age, Sex, and Size Sampling 

Age, sex, and size (AWL) data were collected from chinook, sockeye, chum, and coho 
salmon migrating past the sonar site. Only sockeye and chum salmon captured with beach 
seines were sampled for AWL data to avoid size-selectivity associated with gillnets. All 
chinook and coho salmon captured were sampled to increase the number of AWL samples. 

Age was determined'by examining scales (Mosher 1968). Scales were collected from the left 
side of the fish approximately two rows above the lateral line in an area crossed by a 
diagonal from the posterior insertion of the dorsal fin to the anterior insertion of the anal 
fin (INPFC 1963). Because of the high rate of scale regeneration among chinook and coho 
salmon, three scales were collected from each fish. Only one scale per fish was collected 
from sockeye and chum salmon. Scales were mounted on gummed cards and impressions 
were made in cellulose acetate (Clutter and Whitesel 1956). We used European notation 
(Koo 1962) to record ages: numerals preceding the decimal refer to the number of 
freshwater annuli and numerals following the decimal refer to the number of marine annuli. 
Total age from time of egg deposition, or brood year, is the sum of these two numbers plus 
one to account for incubation time. 



Sampling goals by species for the entire season were 1,200 sockeye, 600 chinook, 400 chum, 
and 250 coho salmon. The desired level of accuracy and precision for sockeye and chinook 
salmon age composition was 0.05. Based on Thompson's (1987) work, a sample size of 510 
readable scales would simultaneously estimate the major age class within 5% of the true 
percentage 95% of the time. A sample size of 600 per strata was set for sockeye and 
chinook to account for regenerated and unageable scales. Two time strata were desired for 
sockeye salmon, therefore the goal for the season was set at 1,200. A sample size of 400 
chum and 250 coho salmon scales ensured simultaneously estimating each major age class 
within 5% of the true percentage 90% of the time. 

Salmon were measured from the middle of the eye to the fork of the tail and lengths were 
recorded to the nearest millimeter. Sex was determined from external characteristics. 

Migratory Timing 

Average proportions of salmon passage by day for each species were calculated using all 
years that sonar data were available. Average daily proportions @,) were calculated by 
summing daily proportions for all years available Qj) and dividing by total years (Y): 

Average cumulative proportions by day were calculated by summing the average daily 
proportions through time. 

The 1993 runs by species were compared to their desired goals at the sonar site through 
time by applying historic migratory timing to the goals. The average daily cumulative 
proportions for each species were multiplied by their respective escapement goals (550,000 
for sockeye salmon, 75,000 for chinook salmon, 350,000 for chum salmon, and 100,000 for 
coho salmon). 



RESULTS 

Counting began in each stratum on June 4. Counting ended on August 24 in right and left 
bank offshore counting ranges and on August 25 in right and left bank inshore counting 
ranges. A total of 1,076,393 counts were recorded (Table 1). 

Gear Placement 

Water level changes during project operation necessitated occasional repositioning of 
transducer tripods and adjustments of counting ranges (Table 2). The right bank inshore 
transducer counting range varied between 4.3 and 12.2 m, and the offshore transducer 
counting range varied between 12.2 and 16.8 m (Figure 2). Combined right bank counting 
range fluctuated between 20.4 and 24.4 m. The left bank inshore transducer ensonified 
between 6.2 and 10.7 m of river, and the left bank offshore transducer ensonified between 
12.8 and 16.2 m (Figure 3). Combined left bank counting range varied between 20.0 and 
26.9 m. Total ensonification for the right and left banks combined ranged from 42.3 to 49.6 
m, or approximately 15% to 18% of the total river width. 

Spatial Distribution of Sonar Counts 

Throughout project operation, slightly fewer counts occurred on the right bank (513,034) 
than on the left bank (563,891; Table 1). Most sonar counts for the right (89%) and left 
(85%) banks were recorded by the inshore sonar counters (Miller et al. 1994). 

Differences in run timing among species allowed us to look at spatial distributions of sonar 
counts during two separate time periods. Sockeye, chinook, and chum salmon were present 
primarily from the beginning of project operation (June 4) through July 25. Coho salmon 
were the primary species present after July 25. 

June 4 - Jidy 25. During the period of sockeye, chinook, and chum salmon passage, most 
counts in the right and left bank offshore strata were recorded within the first half of the 
counting range. The last four sectors of the right bank offshore area accounted for 5.1% 
of the right bank offshore counts and only 0.5% of the right bank inshore and offshore 
combined counts. The last four sectors of the left bank offshore area accounted for 15.4% 



of the left bank offshore counts and 2.1% of the left bank inshore and offshore combined 
counts. 

Distribution of sonar counts by sector were similar for both right and left bank inshore 
counting ranges (Figures 4,5). Several peaks in sonar counts occurred between June 24 and 
July 3 in the right and left bank inshore counting ranges. The largest peak in both strata 
occurred on June 28. Most counts in both strata were observed in the middle of the 
counting range with fewer counts occurring at the inshore and offshore ends. 

Sonar count distribution was also similar between the right and left bank offshore counting 
ranges (Figure 4, 5). Several peaks in sonar counts occurred in both strata between June 
24 and July 5. Additional peaks occurred on June 7 and 16 in the right bank offshore 
stratum and on June 6 and 17 in the left bank offshore stratum. Most of the sonar counts 
in both strata were observed in the first half of the counting range. The left bank offshore 
stratum, however, had more counts occurring at the end of the counting range than did the 
right bank offshore stratum. This corresponds with the occasional observation by the sonar 
crew of chinook salmon "firming" the water surface out beyond the counting range of the left 
bank offshore transducer. Based on the distribution of left bank offshore sonar counts, it 
is probable that some fish were passing the sonar site beyond the range of the sonar beam. 

JrJy 26 -August 25. Few counts were observed at the end of the offshore counting ranges 
during the period of coho salmon passage. The last four sectors of the right bank offshore 
area accounted for 12.7% of the right bank offshore counts and 1.6% of the right bank 
inshore and offshore combined counts. The last four sectors of the left bank offshore area 
accounted for 6.2% of the left bank offshore counts and only 0.1% of the left bank inshore 
and offshore combined counts. 

During this time period a major peak in sonar counts occurred on August 19 (Table 1; 
Figures 6,  7). Count distribution by sector indicated that most counts observed on this day 
in the right bank inshore stratum were recorded within the first half of the counting range. 
Count distribution for this day in the left bank inshore stratum was more varied. A second 
peak in sonar counts was observed earlier on August 7 in the left bank inshore range. Most 
counts observed in the left bank inshore area on this day occurred in the outer half of the 
counting range. 

Peak days of passage in offshore ranges occurred around August 7, 15, and 19 (Figures 6, 
7). Fewer counts were observed in the right bank offshore range than in the left bank 
offshore range. Count distribution by sector was also more variable in the right bank 
offshore range. Most counts in the left bank offshore range were observed within the first 
eight sectors. 



Temporal Distribution of Sonar Counts 

Information on patterns of hourly fish passage are of interest to determine optimal times 
for test fishing and equipment calibration. Any or all of a combination of variables such as 
tide, weather (winds, rainfall, etc ...), and hours of daylight, as well as the time, date, and 
duration of commercial fishing periods might influence when migrating fish would pass the 
sonar site. In the right and left bank inshore and left bank offshore counting ranges, count 
distribution varied between days and no clear pattern of hourly fish passage was evident 
(Figure 8). Hourly count distribution in the left bank offshore stratum, however, indicated 
that fish passage was lower during the night and higher during daylight hours with peak 
passage occurring around 1400. 

Escapement Samphg Catch and Eflert 

A total of 3,410 gillnet drifts were completed in 1993 (Miller et al. 1994). The 20.6-, 15.2-, 
and 13.0-cm mesh gillnets caught 486, 1,221, and 1,387 salmon, respectively. The total 
gillnet catch of 3,112 fish was composed of 924 chinook salmon, 1,363 sockeye salmon, 588 
chum salmon, 219 coho salmon, and only 16 whitefish and "other" fish. The salmon catch 
was similar for the right inshore (890), left inshore (866), and left offshore (852) strata. The 
right offshore stratum had the smallest salmon catch (488). Beach seines were fished from 
June 23 through July 6 (Miller et al. 1994). A total of 4,176 salmon, mostly sockeye (3,340) 
and chum (810), were caught in 95 beach seine sets. Only 26 chinook salmon were caught 
in beach seines. 

Beach seines caught the greatest number of sockeye salmon (3,340), followed by 13.0-cm 
mesh gillnets (646), 15.2-cm mesh (538), and 20.6-cm mesh (179) gillnets. Similarly, chum 
salmon were also caught predominantly in beach seines (810), followed by 13.0-cm mesh 
gillnets (303), 15.2-cm mesh (245), and 20.6-cm mesh (40) gillnets. Most chinook salmon 
were captured in gillnets, with similar numbers being caught between the 15.2-cm (330), 
13.0-cm (327), and 20.6-cm (267) mesh gillnets. Only the 13.0-cm mesh and 15.2-cm mesh 
gillnets were fished during the period of coho salmon passage. Coho salmon catch was 
similar between the two mesh sizes with the 13.0-cm mesh catching 111 and the 15.2-cm 
mesh catching 108 coho salmon. 

Durations of gillnet drifts ranged from 1.0 to 4.0 rnin. The average drift duration was 2.5 
rnin (SE = 0.23). 



Range Differences in Species Composition 

Drift gillnet sampling data were divided into six periods between June 7 and July 31 (Table 
3). Small sample sizes precluded comparisons after July 31. There were significant 
differences (a = 0.01) in species composition between inshore and offshore strata on the 
left bank for four of the five periods. These differences resulted from large catches of 
sockeye and chum salmon in the inshore strata and large catches of chinook salmon in the 
offshore strata. Significant differences in species composition between the right bank 
inshore and offshore ranges were found during three of the five periods. Differences on the 
right bank were the result of higher than expected catches of sockeye salmon in the inshore 
range. Chinook and chum salmon migrating on the right bank demonstrated no consistent 
preference between the inshore and offshore range. 

Estimates of Escapement 

Our final estimate of Nushagak River escapement in 1993 was 1,072,883 salmon. This 
included 715,099 sockeye, 97,812 chinook, 217,230 chum, and 42,742 coho salmon (Table 4). 
In addition, 1,400 whitefish and 2,110 "other" (northern pike, rainbow trout, and Arctic char) 
were counted passing the sonar site in 1993. 

Sockeye Salmon 

According to escapement sampling data, sockeye salmon began migrating past the sonar site 
on June 15 (Table 4). The 1993 escapement estimate of 715,099 sockeye salmon (S.E. = 
6,444) was 130% of the 550,000 biological escapement goal. 

Escapement timing of sockeye salmon in 1993 was early when compared with the 1980 - 
1992 average escapement timing applied to the biological escapement goal (Table 5; Figure 
9). Sockeye salmon were present at the sonar site from June 15 through August 9. Several 
peaks in sockeye salmon escapement were estimated from June 23 through July 8, with 
major peaks occurring on June 24 and 28 and July 3. Peak sockeye salmon passage 
occurred on June 28 with an estimate of 82,675. 

Age and sex was determined for 1,939 sockeye salmon, 1,934 of which were also measured 
for length (Table 6). The most prominent age class was age-1.3 (1988 brood year) at 64%, 
followed by age-0.3 (1989 brood year) at 15% The male to female ratio was 1:l. Mean 
length by age ranged from 424 to 601 mm (Table 6). 



Chinook Salmon 

Chinook salmon were counted passing the sonar site immediately following installation of 
the sonar equipment (Table 4). The 1993 escapement estimate of 97,812 chinook salmon 
(S.E. = 5,581) was 130% of the 75,000 inriver escapement goal. 

Escapement timing of chinook salmon in 1993 was early when compared to the previous 
nine years (Table 7; Figure 10). Chinook salmon were estimated at the sonar site from June 
4 through August 9. Several peaks in chinook salmon passage occurred between June 7 and 
July 3. An early peak in chinook salmon passage was observed on June 7 with a daily 
passage estimate of 3,486; and the largest peak occurred on June 23 with an estimated 
passage of 10,830. 

Age, sex, and length were determined for 833 chinook salmon (Table 8). Three major age 
classes were present: age-1.4 (45%; 1987 brood year); -1.3 (36%; 1988 brood year); and -1.2 
(17%; 1989 brood year). The chinook salmon escapement was estimated to be 59% males 
and 41% females. Mean length by age ranged from 394 to 932 mm (Table 8). 

Chum Salmon 

As with chinook salmon, chum salmon were counted migrating past the sonar site the same 
day the sonar equipment was installed, June 4 (Table 4). There is no formal biological 
escapement goal for chum salmon in the Nushagak River, but the 1993 escapement estimate 
of 217,230 (S.E. = 4,558) was 62% of informal escapement objective of 350,000. 

Escapement timing through June 26 appeared similar to the previous 13 year average (Table 
9; Figure 11). After June 26, and throughout the remainder of the season, chum salmon 
escapement timing fell below the 13-year average. Peak chum salmon passage occurred on 
June 28 with an estimate of 23,874. Chum salmon were counted past the sonar site from 
June 4 through August 9. 

Age and sex were determined for 641 chum salmon, 637 of which were measured for length 
(Table 10). Age-0.4 (64%; 1988 brood year) and -0.3 (31%; 1989 brood year) chum salmon 
predominated. The percentage of males and females were 54% and 46%. Mean length by 
age ranged from 558 to 600 rnm (Table 10). 

Coho Salmon 

Escapement sampling data indicated that coho salmon began migrating past the sonar site 



on July 26 (Table 4). The 1993 escapement estimate of 42,742 coho salmon (S.E. = 1,143) 
was only 43% of the 100,000 inriver escapement goal. 

Coho salmon escapement timing in 1993 was well behind the previous 11 year average 
(Table 11; Figure 12). The peak day of coho salmon passage occurred August 19, with an 
estimate of 9,074 coho salmon. Subsequent to August 9 only coho salmon were present in 
escapement samples, so all sonar counts after this date were assumed to- be coho salmon. 

Age and sex were determined for 178 coho salmon, 176 of which were measured for length 
(Table 12). Age-2.1 (98%; 1989 brood year) and -3.1 (2%; 1988 brood year) coho salmon 
were the only two age groups present in the samples collected. The percentage of males 
and females were 48% and 52%. Mean length by age ranged from 548 to 590 mm (Table 
12). 
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'able 1.  Inshore and offshore sonar counts 
by bank and day for  the Nushagak 
River sonar project ,  1993. 

Lef t  Bank Right Bank 

Date Inshore Offshore Inshore Offshore Total  



Table 1. (p  2 of 2 )  

Left  Bank Right Bank 

Date Inshore Offshore Inshore Offshore Total 

07/30 69 123 698 1 74 1,064 
07/31 107 65 350 46 568 
08/01 313 52 524 60 949 
08/02 98 86 81 0 48 1,042 
08/03 96 154 300 106 656 
08/04 94 170 776 193 1,233 
08/05 113 223 1, 097 237 1,670 
08/06 87 81 464 126 758 
08/07 1,333 996 1,920 319 4,568 
08/08 625 476 818 213 2,132 
08/09 158 155 304 100 71 7 
08/ 10 55 83 437 86 66 1 
08/11 57 18 228 62 365 
08/ 12 64 11 1 452 70 697 
08/ 13 129 88 419 1 75 81 1 
08/ 14 101 62 491 192 846 
08/15 115 625 320 419 1,479 
08/ 16 86 84 1 662 97 1,686 
08/17 94 280 62 1 54 1,049 
08/ 18 60 202 455 96 813 
08/ 19 785 1,274 6,853 161 9,073 
08/20 292 328 3,341 190 4,151 
08/21 157 99 848 25 1,129 
08/22 51 78 5 28 37 694 
08/23 90 6 294 25 415 
08/24 61 9 263 8 341 
08/25 25 0 94 0 119 

Total 481,891 81,468 458,102 54,932 1,076,393 

a Right bank o f f sho re  t ransducer  was down 
f o r  r e p a i r s  from 1600 J u l y  17 through 
2400 J u l y  19. 



Table 2. Count ing ranges f o r  sonar counters  on r i g h t  and l e f t  banks, 
Nushagak R i v e r  sonar p r o j e c t ,  1993. 

Right Bank L e f t  Bank 

Inshore Offshore Inshore O f f  shore 

Date Distancea(rn) Date Distance (rn) Date Distance (rn) Date Distance (rn) 

a T o t a l  d i s t a n c e  f rom t ransducer  t h a t  sonar beam was s e t  t o  count  f i s h .  

R igh t  bank o f f s h o r e  coun te r  down f o r  r e p a i r s  f rom 1600 J u l y  17 th rough 2400 
J u l y  19. 



Table 3. Chi -square t e s t  r e s u l t s  comparing g i l  l n e t  
catches among i nsho re  and o f f s h o r e  s t r a t a  
by p e r i o d  and r i v e r  bank, Nushagak R i v e r  
sonar p r o j e c t ,  June 7 - J u l y  31, 1993. 

Approx i  mate 
Probabi  1 f t y  

R i v e r  o f  La rger  
Pe r i od  Bank Chi -square d f Val ue 

6/07-6/22 R i g h t  
L e f t  

6/25-6/26 R i g h t  
L e f t  

7/07-7/09 R i g h t  
L e f t  

7/10-7/14 R i g h t  
L e f t  

7/15-7/31 R i g h t  
L e f t  

a S i g n i f i c a n t  a t  a=0.01. 



Table 4 .  F i n a l  d a i l y  and cumulative escapement estimates by species, Nushagak River  sonar 
p r o j e c t ,  1993. 
- - 

Sockeye Chinook Chum Coho Pink Total 

Date Da i ly  Cun. Da i ly  Cum. Da i ly  Cun. Dai Ly Cum. Da i ly  Cun. Da i ly  Cun. 



Table 4 .  (p 2 o f  3)  
-- 

Sockeye Chinook Chun Coho Pink Total 

Date Da i ly  Cun. Dai Ly Cun. Dai 1 y Cun. Da i ly  Cun. Dai Ly Cun. Dai l y  Cun. 



Tab le  4 .  (p 2 o f  3 )  

Sockeye Chi nook Chun Coho Pink Total 

Date Da i ly  Cun. Dai Ly Cun. Dai l y  Cum. Dai l y  Cun. Dai l y Cun. Da i ly  Cun. 

Total 715,099 97,812 217,230 42,742 0 1,072,883b 

a Coho salmon were t h e  o n l y  f i s h  present  i n  t e s t - f i s h  catches a f t e r  August 9, so a l l  counts 
a f t e r  August 9 a r e  assumed t o  be coho salmon. 

An a d d i t i o n a l  1,400 w h i t e f i s h  and 2,110 o t h e r  f i s h  were counted passing t h e  sonar s i t e  
i n  1993. 



Table 5. Sockeye salmon escapement estimates and average escapement proportions by day, Nushagak River, 
1980 - 1993. 

Average 
Year Proport iona 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Da i ly  Cun. 



Table 5. (p  2 o f  3 )  

Average 
Year Proport iona 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Da i ly  Cun. 



Table  5 .  (p 3 o f  3 )  

Average 
Year Proport ion' 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Dai ly  Cun. 

-- - 

Total 1,136,445 813,887 537,686 177,141 592,872 322,327 800,311 388,034 483,200 513,421 680,368 492,522 695,108 715,099 

a Average propor t ions  f o r  1980 - 1993, June 4 through August 10. 



Tab le  6. Age, sex, and s i z e  composi t ion o f  sockeye salmon escapement, 
Nushagak R i v e r  sonar p r o j e c t ,  1993. 

Age Group 

0 . 2  0.3 1.2 0 .4  1 .3  2 .2  1 . 4  2 . 3  2 . 4  Total 

Sample Period 1 :  15 - 27 June 

Males 
Percent 
Sample Size 
Mean Length 
Std. E r ro r  
Sample Size 

Females 
Percent 
Sample Size 
Mean Length 
Std. E r ro r  
Sample Size 

Both Sexes 
Percent 
Sample Size 
Mean Length 
Std. E r ro r  
Sample Size 

Sample Per iod 2 :  2 8  - 2 9  June 

Males 
Percent 
Sample Size 
Mean Length 
Std. E r ro r  
Sample Size 

Females 
Percent 
Sample Size 
Mean Length 
Std. E r ro r  
Sample Size 

Both Sexes 
Percent 
Sample Size 
Mean Length 
Std. E r ro r  
Sample Size 



Tab le  6. (p  2 o f  3)  

Age Group 

0.2 0.3 1.2 0.4 1.3 2.2 1.4 2.3 2.4 Total 

Sample Period 3: 30 June - 3 July 

Males 7,220 10,378 5,415 1,805 57,758 451 3,159 45 1 86,637 
Percent 3.86 5.56 2.90 0.97 30.92 0.24 1.69 0.24 46.38 
Sample Size 16 23 12 4 128 1 7 1 192 
Mean Length 429 571 480 639 594 532 622 604 5 72 
Std. Error  11 9 18 8 2 8 2 
Sample Size 16 23 12 4 128 1 7 1 192 

Females 
Percent 
Sample Size 
Mean Length 
Std. Error  
Sample Size 

Both Sexes 
Percent 
Sample Size 
Mean Length 
Std. Error  
Sample Size 

Sample Period 4: 4 Ju ly  - 9August 

Males 21,585 35,853 5,488 5,854 42,436 366 2,561 366 114,509 
Percent 10.69 . 17.75 2.72 2.90 21.01 0.18 1.27 0.18 56.70 
Sample Size 59 98 15 16 1 16 1 7 1 313 
Mean Length 42 1 5 99 468 634 596 562 618 585 5 60 
Std. Error  2 3 15 4 2 8 1 
Sample Size 59 97 15 16 116 1 7 1 312 

Females 31,463 6,585 11,341 33,657 366 3,293 732 87,437 
Percent 15.58 3.26 5.62 16.67 0.18 1.63 0.36 43.30 
Sample Size 86 18 3 1 92 1 9 2 239 
Mean Length 554 501 589 556 523 581 5 74 556 
Std. Error  2 7 4 3 9 10 2 
Sample Size 86 18 31 92 1 9 2 239 

Both Sexes 21,585 67,316 12,073 17,195 76,093 732 5,854 1,098 201 ,946 
Percent 10.69 33.33 5.98 8.51 37.68 0.36 2.90 0.54 100.00 
Sample Size 59 1 84 33 47 208 2 16 3 552 
Mean Length 421 5 78 486 605 579 543 597 5 78 558 
Std. Error  2 2 8 3 2 6 10 1 
Sample Size 59 183 33 47 208 2 16 3 551 



Tab le  6. (p  3 o f  3)  

Age Group 

0.2 0.3 1.2 0.4 1.3 2.2 1.4 2.3 2.4 Total 

A l l  Periods Combined: 

Males 35,687 52,593 19,727 11,354 219,898 817 15,204 1,211 356,491 
Percent 4.99 7.35 2.76 1.59 30.75 0.11 2.13 0.17 49.85 
Sample Size 97 142 52 31 602 2 4 1 3 970 
Mean Length 424 590 459 630 588 545 616 594 567 
Std. Error 3 3 8 4 1 4 1 
Sample Size 97 141 51 3 1 600 2 4 1 3 966 

Females 56,235 13,554 21,309 237,406 633 27,627 1,450 394 358,608 
Percent 7.86 1.90 2.98 33.20 0.09 3.86 0.20 0.06 50.15 
Sample Size 149 36 57 647 2 73 4 1 969 
Mean Length 553 501 586 558 526 582 5 79 560 559 
Std. Error 1 6 3 1 3 10 1 
Sample Size 149 36 57 646 2 73 4 1 968 

Both Sexes 35,687 108,828 33,281 32,663 457,304 1,450 42,831 2,661 394 715,099 
Percent 4.99 15.22 4.65 4.57 63.95 0.20 5.99 0.37 0.06 100.00 
Sample Size 97 291 88 88 1,249 4 114 7 1 1,939 
Mean Length 424 571 4 76 60 1 5 73 537 594 586 560 563 
Std. Error 3 2 5 2 1 2 10 1 
Sample Size 97 290 87 88 1,246 4 114 7 1 1,934 



Table 7. Chinook salmon escapement estimates and average escapement proportions by day, Nushagak 
River, 1980 - 1993. 

Average 
Year Proportiona 

Date 1980 1981 1982 1983 1985 1986 1987 1988 1989 1990 1991 1992 1993 Da i ly  Cun. 



Tab le  7 .  ( p  2 o f  2). 

Average 
Year Proport i ona 

Date 1980 1981 1982 1983 1985 1986 1987 1988 1989 1990 1991 1992 1993 Dai ly  Cun. 

--- 

T o t a l  62,780 130,252 126,438 103,767 98,991 43,434 84,309 56,905 78,302 63,955 104,351 82,848 97,812 

a Average  p r o p o r t i o n s  f o r  1983, 1985 - 1993, June 5 t h r o u g h  J u l y  31 .  



Table 8. Age, sex, and s i z e  composi t ion o f  chinook salmon escapement, Nushagak 
R i v e r  sonar p r o j e c t ,  1993. 

Age Group 

2.4 To ta l  

Ma1 es 
Percent  
Sample S i ze  
Mean Length 
Std.  E r r o r  
Sample S i ze  

Femal es 
Percent  
Sample S i z e  
Mean Length 
Std.  E r r o r  
Sample S i ze  

Both Sexes 587 16,909 34,993 43,915 1,291 117 97,812 
Percent  0.60 17.29 35.78 44.90 1.32 0.12 100.00 
Sample S i ze  5 144 298 374 11 1 833 
Mean Length 394 562 764 868 932 874 776 
Std.  E r r o r  4 3 5 5 4 24 3 
Sample S i ze  5 144 298 374 11  1 83 3 



Table 9. Chum salmon escapement estimates and average escapement proportions by day, Nushagak River, 
1980 - 1993. 

Average 
Year Proport i ona 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Da i ly  Cun. 



Table 9. ( p  2 o f  3) 

Average 
Year Proport ion' 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Daily Cun. 



Table 9.  (p 3 o f  3)  

Average 
Year Proport i ona 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Daily Cun. 

Total 331,678 143,324 230,141 106,279 362,369 214,481 168,276 147,433 186,418 377,512 329,793 287,280 302,858 217,230 

a Average p ropo r t i ons  f o r  1980 - 1993, June 4 through August 10. 
W 
4 



Table 10. Age, sex, and s ize  composition of chum salmon 
escapement, Nushagak River sonar project ,  1993. 

Age Group 

Total 

Ma1 es  
Percent 
Sample Size 
~ e a n  Length 
Std. Error 
Sample Size 

Femal es  
Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 

Both Sexes 
Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 



Tab le  11. Coho salmon escapement est imates and average escapement propor t ions  by day, 
Nushagak R i v e r ,  1982 - 1993. 

Year 
Average 

Proport i ona 

Date 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1993 Dai ly  Cun. 



T a b l e  11. (p 2 o f  2) 

Average 
Year Proportiona 

Date 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1993 Dai ly  Cun. 

Total 263,832 33,804 142,841 82,822 42,771 20,219 131,101 84,706 162,853 39,598 42,742 

a Average Proport ions f o r  1982 - 1991, 1993, June 28 through August 25. 



Table 12. Age, sex, and size composition of 
coho salmon escapement, Nushagak 
River sonar project, 1993. 

Age Group 

2.1 3.1 Total 

Ma1 es 
Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 

Femal es 
Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 

Both Sexes 
Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 



Figure I .  Uristol Bay area with location of Nushagak River sonar project site. 
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Figure 3. Detailed left bank sonar placement, relationship to right bank sonar, and bottom profile of Nushagak 
River at left bank sonar site, 1993. 
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Figure 4. Number of sonar counts by sector for the right bank inshore and offshore 
counters, Nushagak River sonar project, June 4 - July 25, 1993. 
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Figure 5. Number of sonar counts by sector for the left bank inshore and offshore 
counters, Nushagak River sonar project, June 4 - July 25. 1993. 
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Figure 6. Number of sonar counts by sector for the right bank inshore and offshore 
counters, Nushagak River sonar project, July 26 - August 25, 1993. 
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Figure 7. Number of sonar counts by sector for the left bank inshore and offshorz 
counters, Nushagak River sonar project, July 26 - Auwst 25, 1993. 
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Figure 8. Proportion of sonar counts by hour for the right and left banks inshore and offshore counters, Nushagak 
River sonar project, 1993. 
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Figure 9. Average escapement timing of sockeye salmon into Nushagak River, June 4 
through August 10, 1980 - 1993. 

5 0 



05-Jun 15-Jun 25-Jun 05-Jul 15-Jul 25-Jul 04-Aug 

- 1983 - 1992 Escapement Timing Applied to Goal of 75,000 

+ 1993 Escapement 

Figure 10. Average escapement timing of chinook salmon into Nushagak River, June 5 
through August 10, 1983 - 1993. 
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Figure 11. Average escapement timing of chum salmon into Nushagak River, June 4 
through August 10, 1980 - 1993. 
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Figure 12. Average escapement timing of coho salmon into Nushagak River, July 1 
through September 12, 1982 - 1993. 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 


	AUTHORS
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	INTRODUCTION
	METHODS
	Hydroacoustic Counting
	Escapement Sampling for Species Composition
	Species Composition Estimation
	Salmon Escapement Estimation
	Spatial Differences in Species Composition
	Age, Sex, and Size Sampling
	Migratory Timing

	RESULTS
	Hydroacoustic Counting
	Escapement Sampling Catch and Effort
	Range Differences in Species Composition
	Estimates of Escapement

	LITERATURE CITED
	TABLES
	FIGURES

